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Abstract
Based on the analysis of the rare earth elements (REEs) concentration, ratios and distribution pattern in the acid
fractions at the Xiaohushan (XHS) section in Ejina basin. The results show that the δCe-ΣREE plot and regression
equation can clearly distinguish sediments from lacustrine deposits and the eolian sand. The boundary can be
described as an orthogonal polynomial equation by ordinary linear regression with sediments from the lacustrine
deposits located above the curve and sediments from the eolian sand located below the curve. And the plot also can
better identify samples which formatted in the combined effect of the wind and water. This method can be used to
distinguish the sediments from different sedimentary facies intuitively and quantitatively. And the result can be test
and verify by Shell bar section in Qaidam basin.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for
Resources, Environment and Engineering
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1. Introduction
Rare earth elements (REEs) have been studied extensively to understand the geological evolution and
mineral formation processes. Although they generally show similar behaviors and move together in the
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geological processes, there exist geochemical differences between each element and therefore, they
separated and differentiated during the geological reactions in response to the environmental variations,
such as during the weathering, transportation, and deposition processes[1-3]. For example, the ΣREE and
REE distribution pattern could be used to determine the types of the geological bodies, and the REE
fractionation property bears information on the elemental transportation, enrichment, and environ-mental
changes during the formation of geological body[4-9]. Moreover, the differential distribution and
concentration of REEs also could be used to reconstruct the change in the paleoenvironment [10, 11]. In
the study of lake sediments, REEs can not only reflect the differences between different types of
sediment[12], but also can reveal the geochemical characteristics of lake water and the sources of
sediment [13, 14]. However, previous research methods, which have been used to identify source area of
hydraulic deposits, are all qualitative and difficult to be used to identify the sediment provenance
intuitively and quantitatively. In the present study, sediment samples were collected from XHS section, in
Ejina basin, western Inner Mongolia, and the sediments REEs were analyzed systematically and the
relationship between δCe-ΣREE plot and the sedimentary facies have been discussed. Combined with the
regression equation, we found that δCe-ΣREEs plot can be used to differentiate hydraulic deposits and
aeolian sands. And the potential mechanisms of the method were discussed.
2. Study area
The Ejina area is located on the southern margin of the Mongolian Plateau northeast of the Tibetan
Plateau. The basin is surrounded by the Dingxin Basin to the south, the Mazong Mountains to the west,
the Gobi-Altai Mountains to the north, and the Badain Jaran Desert to the east. It covers the area from
39°5′ N - 42°47′ N latitude and 97°10′ E - 103°7′ E longitude. The total area is 3.4×104 km2, which is a
detached island oasis encompassed by peripheral desert. The mean annual precipitation is 38.9 mm and
the mean annual pan evaporation is 3653 mm. With little precipitation, high pan evaporation, big
temperature difference, and long durations of sunlight, it belongs to the typical continental arid climate.
It extends northward about 300 km and changes from alluvial plain to alluvial/lacustrine plain, and
then to lacustrine plain. The main geomorphological unit of the Ejina Basin is alluvial plain, while
lacustrine plain is distributed in the low altitude regions of the northern basin. All of these are supported
that geological history of the basin exist the large scale high lake level [15, 16].The basin is one of the
three sandstorm centers in northwestern China [17], The strong winds have removed fine materials (such
as sands and silts) from the surface sediment, so that the surface of the basin is almost completely covered
with gravel, with depths up to tens of centimeters, this process has formed the flat, wide Gobi Desert.
3. Materials and methods
Xiaohushan section (42°19′ 47″N100°19′ 37″E) is located in Ejina basin, western Inner Mongolia, with
an elevation of about 910 m. And the basin has developed exposed well aeolian geomorphology. The
study section is a manually excavated profile, with 1049 cm thick. The section was divided into four parts
containing eight distinct layers based on the sediment properties. A comprehensive description of the
lithologic characters of the section was published elsewhere.
Based on the depositional characters, the section was sampled continuously at 2-3 cm intervals, with
446 samples taken. To fully understand the various proxies and their paleoenvironmental significance, a
variety of analyses were conducted on these samples. They include grain-size analysis, chroma
measurement, magnetic susceptibility, the total organic and inorganic carbon contents (TOC and TIC),
the carbon and oxygen stable isotope, strontium isotopes, bio-markers, assemblage of microfossils and
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pollens. According to the characters of proxies, we selected 162 samples to analyze the REEs of acid
soluble fractionation (AS).
A sample of bulk sediment weighed 500 mg was ground to a fine powder <75 μm. A solution of 1
mol/L HAc was added to the sample at room temperature for at least 12 hours to allow total dissolution of
the carbonate and oxy-hydroxides. The resultant solution, termed the “leach” fraction, was centrifuged
and separated from the residue and these processes were repeated twice. The acid-leaching supernatant
liquid was used for the analysis of the REE in AS fraction. To ensure the accuracy and reliability of
analyses results, Rh qua gauge was added in REEs analysis and it was measured repeatedly every 10
samples. REEs of bulk sediments were determined by Inductively Coupled Plasma Mass Spectrometry
(ICP-MS), and the theoretical precision of the ma-chine is 1×10−9 with a RSD of 3% or less. The sample
analyses were conducted at the State Key Laboratory of Crust-Mantle Evolution and Mineralization at
Nanjing University, China.
4. Results and discussions
4.1. The application of δCe-ΣREEs plot
Based on the REE data measured in this study and collected from the literatures, the δCe-ΣREEs plot
for the sediments was plotted (Figure 1-a). Sediments from the study section were well separated in δCe-
ΣREEs plot except for a few samples. A curve can be fitted between the hydraulic deposits and aeolian
sands. An orthogonal polynomial equation was derived by using regression analysis. The samples of
hydraulic deposits are above the regression curve, and the samples of aeolian sands are below the curve.
The fitted polynomial regression equation is:.
 y=34.52 × (-x3 + 4.92x2 - 7.6x + 3.82)   (1)
Where y is ΣREEs, and x is δCe. Using equation (1), samples of hydraulic deposits and aeolian sands
can be separated from each other. If ΣREEs (y1) and δCe (x1) of sediments are known, then substituting
x1 intoequation (1), y can be calculated. If y1 − y>0, it indicates that y1 is above the curve, suggesting
that sediments are formed by water. If y1 − y<0, it indicates that y1 is below the curve, suggesting that
sediments originate from wind force. All of the REE data of the XHS section were plotted in the δCe-
ΣREEs plot, at the same time, equation (1) curve was plotted in the plot. The results showed that nearly
all sediments are below the curve except for one sample of the layer from 904-1036cm.
With the known δCe values, the corresponding values of y can be easily calculated using equation (1).
Then the sediment provenance can be identified quantitatively by calculating the difference between the y
values and the measured ΣREEs. In order to distinguish the typical facies clearly, we selected the typical
lacustrine sediments layer (fourth layer) and the typical aeolian sands (seventh layer) to comparison
(Figure 1-b). The y1−y values for samples of lacustrine sediments were more than 0, indicating that
sediments originated hydraulic deposits except for 2 samlpes, which might be caused by the experimental
error. All of the y1−y values for sediments of aeolian sands were less than 0, suggesting that they were
derived from aeolian sands.
Additionally, to ensure the reliability of research method, we applied the δCe-ΣREE plot and the
polynomial regression equation to the samples of Shell bar section, which belonged to the lacustrine
deposits.And we found that all sediments of Shell bar section are above the curve without exception.
Hence, δCe-ΣREEs plot can be used to quantificationally divide the different stratum and discuss the
geological conditions and sedimentary environment.
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Figure 1-a δCe-ΣREE plot of the acid fractions from the XHS
section
Figure 1-b Te lacustrine deposit and the aeolian sand in the δCe-
ΣREE plot
4.2. Potential mechanisms
It was found that Fe-Mn oxides could lead to the enrichment of REE. A comparison of the ΣREE
concentration to corresponding Rb/Sr values and contents of Mn and CaCO3 showed a strong correlation
between each other but with varying coefficients (Figure 2). Among them, the coefficients between ΣREE
and contents of Mn are the strongest. The high correlation coefficient (R2 = 0.581) between REE
concentration and the element Mn content implied that the Fe-Mn oxides, which is closely related to the
pH-Eh, influenced the concentration and fractionation of REEs. And the relationship between ΣREE
concentration and Rb/Sr indicate the sedimentary facies also influenced by chemical weathering. In
addition, because the total organic carbon (TOC) content on the Shell Bar section was very low, which is
only 0.11% to 0.23% [18], it could be expected that the changes of TOC had a negligible effect on the
REE concentration. Thus, it could be concluded that the chemical weathering and medium pH-Eh
condition in the catchment area, both of which are closely related to the climatic environment, were the
main factors affecting the REE concentration. It is the impact of environment and climate on the samples
of acid soluble fraction in research section that has made the difference of REE proxies and parameters in
the different sedimentary facies, even in the same sedimentary facies.
The reduction-oxidation condition influenced the activity of valence-variable elements, such as Ce
directly during chemical weathering processes [1, 19, 20]. The fractionation of element Ce generally
occurred in two circumstances and first it can occur in the weak acid condition during the rock weathering
process. Element Ce usually is deposited preferentially due to the vulnerable hydrolysis of Ce4+ and this
can lead to the depletion of Ce in the solution, and therefore a negative or abnormal Ce concentration in
the AS fraction[1, 36]. The other case can take place in the process of marine sedimentation [21].
Therefore, δCe was considered an effective tracer to study the oxidation-reduction environment of
sediments [22].
As far as the study section is concerned, it is shown that sedimentary cycles, such as, aeolian sand, the
river deposits and lake sediments, were mainly controlled by climate change and their changed
synchronously. The aeolian sands of the Xiaohuashan section consist of quartz primarily, with low clay
content [23]. In addition to the conditions of the cold and arid climate, the result caused the low content of
REEs and no obvious differentiation of δCe in aeolian samples. On the contrary, the samples of lacustrine
sediments is mainly made up of clay minerals, the warm and humid climate could increase the degree of
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oxidation and make δCe differentiation clearly. Therefore, δCe-ΣREEs plot can be used as an effective
method to quantitatively distinguish different sedimentary facies.
Figure 2 Correlations between ∑REE and Mn, Rb/Sr in AS fraction
5. Conclusions
(1) REE distribution patterns of XHS section are shown that LREEs are relatively enriched in the study
section, with slightly right-tilting appearances and negative Eu anomalies. However, LREEs are
comparative depletion and Eu showed enrichment relatively in the aeolian stratum, relative to
hydromorphic deposits. The results of these differences are relative to pH changes, REEs differentiation
and climate conditions.
(2) Because REE characteristics parameters of the lake sediments are related to the environment
closely, they could be used as proxies of chemical weathering intensity. And the δCe could be further used
to explore reduction-oxidation conditions.  Therefore, δCe-ΣREE plot could be used to identify intuitively
and quantitatively the different sedimentary facies of XHS section.
 (3) Therefore, the difference between different sediments of each stratum of the XHS section in the
δCe-ΣREE plot is caused by the mineral compositions and climate. The research results herein can offer
beneficial reference and thoroughly studied in the quantitatively study of stratum for systematic and
comparison analysis.
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